When autoradiographs are viewed with a light microscope, the developed silver grains are tiny by comparison with the stained structures in the specimen, and it may be difficult to see the silver grains at low magnifications (8) . At high magnifications, the grains are seen, but the small depth of focus makes it difficult to photograph grains and tissue without one or the other being out of focus. The use of dark-field illumination provides a solution to these problems only to a certain extent (8) .
The laser scanning microscope (LSM), that was developed for the visual inspection of semiconductors (10) , is now widely used in the observation of biological materials to visualize fluorescent elements (2, 13, 14, 17) . Laser scanning microscopy has many advantages compared with conventional light microscopy (12, 16) . This system has been applied to detect reflectance from diaminobenzidine (7) and immunogold (11) , and has been used to observe biological specimens in the laser scanned differential phase mode (3) . This technique has also been applied to observe silver grain in autoradiographs of specimens prepared by in situ hybridization (4) (5) (6) .
In the present work, we have applied this technique to microautoradiography with 3H and 1251 labeled materials.
MATERIALS AND METHODS

Microautoradiography
Male ICR mice weighing 25-27 g were used in the present study. The mice were intravenously injected with 5 /iCi of 1251-insulin (porcine, 125I-TyrA14 insulin, receptor grade, specific activity 2200 Ci/mmol, New England Nuclear, Boston, MA) or 800 pCi of L-[1-3H] fucose (specific activity 2.062 Ci/mmol; New England Nuclear) dissolved in 0.4 ml Ringer's solution. After pulse injection, the mice were anesthetized by intraperitoneal injection with sodium pentobarbital. Animals injected with 1251-insulin were perfused through the left ventricle with Ringer's solution for 1 min to wash out unbound hormones 3 min after the injection. The skeletal muscle (cervical portion of elector spinae) was removed, frozen in isopentane chilled with liquid nitrogen, dehydrated in acetone at -60°C , and embedded in paraffin. The animals injected with labeled fucose were killed by cervical dislocation 1 hr after injection. The kidney and spleen were removed, fixed in 2% glutaraldehyde, and embedded in paraffin in the usual manner. Five um thick sections of these tissues were cut and mounted on gelatinized glass slides. The deparaffinized sections were coated with NR-M2 nuclear emulsion (Konica Co., Japan) diluted with an equal volume of distilled water according to the dipping technique of Rogers (8) . After the slides were coated with the emulsion, some specimens were exposed to room light for one se- cond to produce fogged emulsions as controls. After exposure, the emulsions were developed in Kodak D-19 at 20°C for 4 min, fixed in 30% sodium thiosulphate solution at 20°C for 8 min, and stained with, or without, haematoxylin. Laser scanning microscopy
The specimens were observed with a Carl Zeiss laser scanning microscope (Oberkohen, Germany) equipped with an Argon laser (488 nm or 514 nm) and a He-Ne laser (543 nm). The laser scanning differential interference contrast (DIC) mode in transmitted light, or the confocal LSM mode, was used to observe the autoradiographs.
The contrast and brightness of the images were adjusted manually. The averaged images of 4 frames, with 2 seconds scanning for a frame, were stored on a hard disk for subsequent display and analysis. Certain confocal LSM images of the reflectance from developed silver grains were overlaid with the images obtained in the DIC mode. Photographs were taken with a Color Image Recorder (CIR-310, Nippon Avionics Co., Ltd., Japan) equipped with a 35-mm camera, or with a Video Graphic Printer (UP-850, SONY Co., Japan).
Fias. 1A, B. Laser scanned DIC images of microautoradiographs of mouse skeletal muscle, 3 min after the injection of 1251-insulin (A), and of mouse kidney cortex, 1 hr after injection of 3H-fucose (B). A 488 nm Argon laser and 40 X 0.75 NA Plan-NEOFLUAR objective were used. A. X2,400 B. X4,000 Bar=10 pm.
RESULTS
Observation of autoradiographs in the laser scanning DIG mode: Autoradiographs of skeletal muscle ( Fig. 1-A) and the kidney cortex ( Fig. 1-B) were observed in the DIC mode with an Argon laser at 488 nm. In Fig. 1 -A, only a few silver grains that are in focus can be seen on the fibroblasts and collagen fibers. In Fig. 1-B , many silver grains are seen in focus on the brush border of the epithelial cells of the proximal convoluted tubules. When compared to these images, others obtained with an Argon laser at 514 nm, or with a He-Ne laser at 543 nm, were slightly inferior in quality (resolution and contrast).
Observation of developed silver grains in the confocal mode by LSM: Fogged emulsion was observed in the DIG mode with an Argon laser at 488 nm ( Fig. 2-A) , and in the confocal LSM mode with a He-Ne laser at 543 nm ( Fig. 2-C) , an Argon laser at 488 nm ( Fig. 2-E) , and an Argon laser at 514 nm ( Fig. 2-G) . The fogged emulsion was examined at the same level of focus. The level of focus was determined by vertical sectioning (Z-scan) of the fogged emulsion (Figs. 2-D,  F, H) . The Argon laser at 488 nm gave stronger reflectance from the developed silver grains than the same laser at 514 nm (Figs. 2-E, G) . Reflectance with the He-Ne laser at 543 nm ( Fig. 2-C) was much weaker than that with the Argon laser at 514 nm even when higher electronic gain was employed (electronic gain is shown by c in panels C, E and G). Fig. 3 shows reflectance images of a fogged autoradiograph from the spleen. The images were visualized with the 543 nm He-Ne (Fig. 3-A) , 488 nm Argon (Fig. 3-C) , and 514 nm Argon (Fig. 3-E) lasers respectively. The gain of the photomultiplier was adjusted so that the reflectance from the silver grains on the tissue for each image was nearly the same intensity. The fogged autoradiograph was also examined at the same level of focus that was determined by vertical sectioning of the autoradiograph (Figs. 3-B, D, F) . When the 514 nm Argon laser was used, the developed silver grains on the tissue were in focus with high resolution, while those on the glass slide were nearly out of focus ( Fig. 3-E) . When the 543 nm He-Ne or the 488 nm Argon lasers were used (Figs. 3-A, B) , silver grains were in focus not only on the tissue, but also on the glass slide. From these results, it may be concluded that the most appropriate laser for observing developed silver grains seen in microautoradiographs is the 514 nm Argon laser.
Observation of an autoradiograph in the confocal LSM mode in combination with the DIG mode: A confocal image of reflectance from developed silver grains in the autoradiograph was overlaid with a DIG image of the unstained tissues under the grains (Fig. 4) . Although several colors, such as red, green and blue, were tried, a combination of red for silver grains and green for the underlying tissue seemed to be the most effective for presentation by color slides.
DISCUSSION
It has been reported that laser scanned differential interference images of biological specimens are of better quality, in contrast and resolution, than images taken by the usual Nomarski DIG (3). In the present work, developed silver grains were easily visualized in underlying tissues by using the 488 nm Argon laser and a 40 X objective (Figs. 1-A, B) . The images taken by 514 nm Argon or 543 nm He-Ne lasers also gave results of fairly good quality. Precise localization of the silver grains in the tissues and cells could be obtained without any staining by this method (Fig.  1) . This is advantageous in autoradiography, since, in many cases, prestaining causes positive or negative chemography (8, 9, 15); a major problem in the autoradiographic processes. Even if a section is stained through the photographic emulsion after processing (poststaining), removal of silver grains from the specimen may occur, and the processed emulsion layer may provide a barrier to precise staining (8) .
The thickness of the emulsion layer is not uniform in hand-dipping techniques; the thickness in the present study was about half that of Kodak AR-10 stripping film, which is 5 pm thick (9) . The j3 particles from tritium, which have a maximum energy of 18.5 keV, could make latent images throughout the emulsion layer (8) . This means that the depth of focus of the laser scanning microscope used in this study is enough to make an image of both the grains and the specimen without one being out of focus.
The developed silver grains could be detected in the confocal LSM mode as reflectance. The merged images, generated from superimposition of the reflectance, and DIC images of the tissues underlying the grains may correspond to the dark field illumination described by Rogers (8) . The resolving power of confocal LSM, however, is better than that of conventional light microscopes (11, 16) . Under the experimental conditions used in this work, we could ob- tain images of microautoradiographs, which were all in focus since the emulsion layer was not very thick. If one is observing developed silver grains in a thick emulsion layer overlying tissues, the technique of optical sectioning, followed by reconstruction of the three dimensional image of the developed silver grains, may be useful. On the contrary, the small depth of focus can be an advantage in this technique. When the confocal pinhole is closed to a minimum, it will obtain the minimum depth of field (approximately 0.7 um with a lens of numerical aperture 1.4, and 488 nm and 514 nm Argon lasers) (1). This has been successfully applied to the in situ hybridization studies, i.e. the confocal reflected light image of silver grains associated with specific hybridization to the probe can be imaged away from any non-specific hybridization (4) (5) (6) . This also may be applicable in autoradiography that uses two radio isotopes, i.e. 14C and 3H, to distinguish the grains produced by stronger energy isotope from that produced by the mixture.
